A novel streptomycete strain, designated XY25 T , was isolated from the rhizosphere soil in an alfalfa field in Jingyang, Shanxi, China. The isolate showed optimal growth at 37 8C, and was capable of growing at pH 6-10 and in the presence of 0-6 % (w/v) NaCl. Mycelia of strain XY25
used for further characterization. Each of the four streptomycetes showed distinctive patterns of carbon usage and fatty acids composition. Analysis of cellular components of strain XY25 T revealed LL-diaminopimelic acid as diagnostic diamino acid and xylose as the major sugar, whereas polar lipids were determined as phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, an unknown phospholipid, two unknown phosphatidylinositol mannosides and several unknown lipids. Menaquinones were dominated by MK-9(H 6 ) and MK-9(H 8 ), and the main fatty acids were anteiso-C 15 : 0 , iso-C 16 : 0 and anteiso-C 17 : 0 . DNA-DNA hybridization studies indicated that strain XY25
T showed relatedness values of 35.2-40.42 % with the closest related species. Based on these results, strain XY25 T represents a novel species of the genus Streptomyces, for which the name Streptomyces alfalfae sp. nov. is proposed. The type strain is XY25 T (5KCTC 39571
The genus Streptomyces was initially introduced by Waksman & Henrici (1943) , and at the time of writing, the genus contains more than 600 species with validly published names. Members of the genus Streptomyces are common in soil (Bouizgarne et al., 2009; Hamedi et al., 2010; Zheng et al., 2013) , representing one of major phyla in soil microbiota in the globe. Streptomycetes are aerobic, spore-forming actinomycetes, which are Grampositive bacteria with a GC-rich genome (69-73 %) (Williams et al., 1983) . The genomes of streptomycetes carry a large number of gene clusters coding for enzymes that are responsible for production of bioactive metabolites, such as antibiotics (Kim et al., 2012) , anti-tumour agents (Schleissner et al., 2011) and antifungal compounds (Zhao et al., 2010) . Therefore, streptomycetes provide a rich resource for secondary metabolites that have important applications in medicine, bio-industry and agriculture.
Strain XY25 T was isolated from rhizosphere soil in an alfalfa field in Jingyang, Shanxi province, China, in the 1950s. Preliminary studies indicated that the strain exhibited an inhibitory effect on a variety of plant pests, was capable of preventing plant diseases and stimulated plant growth, probably due to its capability of producing antimicrobial substances and plant growth hormones (Zhang et al., 2012; Zheng, 2006) . For this reason, the strain has been used for producing bio-fertilizer that has been utilized in China's agriculture for the past four decades. However, the isolate has not been subjected to any taxonomic study.
Here, we re-examined the production of bioactive substances by strain XY25
T and confirmed that this strain produces secondary metabolites that inhibit the growth of Gram-positive and Gram-negative bacteria, and fungi in the laboratory. Furthermore, the isolate was classified as the type strain of a novel species of the genus Streptomyces.
To characterize strain XY25 T , the isolate was grown in the standard media described in the International Streptomyces Project (ISP) by Shirling & Gottlieb (1966) and micromorphology of sporulation was examined by light microscopy and scanning electron microscopy. For observation by scanning electron microscopy, the strain was inoculated on inorganic salts-starch agar (ISP4 medium) and grown for 15 days. Cells were then fixed and observed as described previously (Labeda, 2001) . Strain XY25
T and all reference strains were tested for a broad range of biochemical and physiological characteristics as described by Kämpfer et al. (1991) as well as with the media of the API 50CH system (bioMérieux).
Strain XY25
T showed good growth in the tryptone-yeast extract broth (ISP1 medium) and on several agar plates, including the yeast extract-malt extract agar (ISP2 medium), oatmeal agar (ISP3 medium), inorganic saltsstarch agar (ISP4 medium) and tyrosine agar (ISP7 medium). The strain grew poorly on ISP3 medium and glycerol-asparagine agar (ISP5 medium), and could hardly grow on peptone-yeast extract agar (ISP6 medium). Substrate mycelia were yellow-green in ISP1 medium, but turned to light brownish in ISP2 or ISP6 medium. Strain XY25 T did not produce any diffusible pigments in all tested media. For sporulation, different spore masses were yielded on different agar plates, with the largest number of spores obtained on ISP2 medium, which was followed by the spore yields on ISP4, ISP7 and ISP3, sequentially. Spore production was inhibited almost completely when grown on ISP1 or ISP6. Following the description of spore-chain morphology for the genus Streptomyces by Pridham et al. (1958) , sporulation in strain XY25
T featured long rod-shaped spores forming a white flexuous spore chain with a smooth surface (Fig. 1 ). Strain XY25 T was further characterized using ISP2 medium. The isolate showed a wide range of growth temperature (16-45 8C) with optimal growth at 37 8C. Strain XY25
T grew at pH 6-10 and exhibited a good tolerance to salt as it grew in the presence of 0-6 % (w/v) NaCl.
To conduct a phylogenetic analysis, the 16S rRNA gene was amplified from strain XY25 T using primers 27F/1492R as previously designed (Lane, 1991) . Genomic DNA was prepared as described by Rainey et al. (1996) . PCR was carried out using a fast Pfu DNA polymerase (Transgen Biotech) with the following procedure: 94 8C for 4 min; 34 cycles of 94 8C for 30 s, 50 8C for 30 s and 72 8C for 1.5 min; and a final extension at 72 8C for 7 min. The amplified product was purified by OMEGA Purification kit, cloned into the pUCm-T vector, and then sequenced. A phylogenetic tree was reconstructed with the resulting 16S rRNA gene sequence of strain XY25
T (1464 bp) and type strains of species of the genus Streptomyces showing .98 % 16S rRNA gene sequence similarity with strain XY25 T (Fig. 2 ). Pairwise sequence similarity was analysed using the global alignment algorithm at the EzTaxon server (http://www.EzTaxon.org/). Phylogenetic trees were generated using neighbour-joining (Saitou & Nei, 1987) , minimum-evolution (Rzhetsky & Nei, 1993 ) and maximum-parsimony (Fitch, 1971 ) methods in the MEGA5 software package (Tamura et al., 2011) . The evolutionary distance matrix was calculated with Kimura's twoparameter correction model (Kimura, 1980) and evaluated by bootstrap analysis (Felsenstein, 1985) with 1000 replicates. This analysis revealed that strain XY25
T formed a taxon that was well-separated from all known species of the genus Streptomyces. Furthermore, the 16S rRNA gene sequence of strain XY25
T showed the highest sequence similarity with S. silaceus DSM 41861 T (99.11 %), S. flavofungini DSM 40366 T (98.49 %) and S. intermedius DSM 40372 T (98.43 %).
Since essentially no data of strain characterization are available for S. intermedius and S. flavofungini in the current literature and only a small dataset was generated for S. silaceus, all three closest taxa were characterized together with strain XY25 T for comparison. The early work had shown that S. silaceus cannot use D-xylose, L-rhamnose and myo-inositol, but it can grow with maltose or sucrose as sole carbon sources (Labeda et al., 2009) , and similar results were obtained in our experiments (Table 1) . Furthermore, we augmented the list of carbon sources with cellobiose, melibiose, D-sorbitol, D-arabinose, erythritol and xylitol (Table 1 ). All four streptomycetes displayed a distinct usage of organic compounds as the sole carbon and energy source for growth, and unique features of strain XY25
T include growing at a high temperature Streptomyces alfalfae sp. nov.
(45 8C), and an inability to degrade starch (ISP2) or use cellobiose as sole carbon source (Table 1) .
Menaquinones were extracted from freeze-dried biomass as previously described (Collins et al., 1977) and analysed using HPLC with UV spectra of menaquinones as described by Kroppenstedt (1982) . Predominant menaquinones were found to be MK-9(H 6 ) and MK-9(H 8 ) in strain XY25 T . Cellular fatty acids were extracted and evaluated using the Microbial Identification System (MIDI). The composition of main cellular fatty acids showed major variations among the four tested strains ( Table 2 ). The content of the anteiso-C 15 : 0 of strain XT25 T was 31.46 %, which was nearly double the amount present in the three reference strains, whereas the amount of C 16 : 0 in strain XT25
T was the lowest amongst the tested strains. Extracted polar lipids were separated by two-dimensional TLC and detected according to procedures outlined by Kates (1986) and Kroppenstedt & Goodfellow (2006) . Several polar lipids were identified in strain XT25 T , including phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, an unknown phospholipid, two unknown phosphatidylinositol mannosides and several unknown lipids (Fig. S1, T and the type strains of related taxa. 'E' indicates branches that were also found when the minimumevolution method was used; asterisks indicate branches that were also recovered by the minimum-evolution and maximumparsimony methods. Material), all of which were characteristic for streptomycetes. The diagnostic isomers of diaminopimelic acid and whole-cell sugar were identified according to the procedures developed by Lechevalier et al. (1971) and Staneck & Roberts (1974) . Peptidoglycan of the cell wall of strain XT25
T was composed of LL-diaminopimelic acid, alanine, glycine, glutamic acid and aspartic acid as amino acids and xylose as a cell-wall sugar. This is consistent with the cell-wall composition of other species of the genus Streptomyces (Kämpfer, 2012).
The G+C content of the genome of strain XY25
T was calculated based on the sequence data obtained from an ongoing genome sequencing project (unpublished), and was 71.8 mol%, which is comparable to all known genomes of streptomycetes. DNA-DNA relatedness was then determined by DNA-DNA hybridization experiments between strain XY25
T and the three most closely related strains, S. silaceus DSM 41861 T , S. flavofungini DSM 40366
T and S. intermedius DSM 40372 T . Cells were disrupted by using lysozyme and purified by chromatography on hydroxyapatite as described by Cashion et al. (1977) . DNA-DNA hybridization was conducted following the procedure described by De Ley et al. (1970) with modification by Huss et al. (1983) using a model Cary 100 Bio UV/VIS-spectrophotometer equipped with a Peltier-thermostated 666 multicell changer and a temperature controller with in situ temperature probe (Varian). DNA-DNA hybridization (Table 3) showed relatedness values of 35.2-40.42 % with the closest related species, which is below the 70 % threshold recommended by Wayne et al. (1987) for description of a novel species of the genus Streptomyces.
In conclusion, on the basis of the combination of phylogenetic distinctiveness and differences in the morphological, physiological, chemotaxonomic and genotypic characteristics, we propose strain XT25 T represents a novel species of the genus Streptomyces, which is named Streptomyces alfalfae sp. nov.
Description of Streptomyces alfalfae sp. nov.
Streptomyces alfalfae (al.fal9fae. N. L. gen. n. alfalfae of Alfalfa, a genus of plants since this bacterium was isolated from rhizosphere soil of an alfalfa field).
Aerobic, Gram-positive actinomycete that forms extensive branched substrate mycelia and aerial ones with long flexuous spore chains with a smooth surface and long rodshaped spores. Spore mass is white in most media. No diffusible pigment is formed. On ISP2 medium, forms light brown colonies that turn brown in the sporulation phase. Growth occurs at 16-45 uC, pH 6-10 and in the presence of 0-6% NaCl; optimal growth occurs at 37 uC. Produces acid when grown in medium containing D-ribose, D-glucose However, inositol, cellobiose and melibiose do not serve as a carbon source. L-Threonine, L-aspartic acid, L-histidine, L-glutamic acid and L-asparagine are utilized as sole nitrogen sources, but not methionine. Positive result in tests for gelatin liquefaction and decomposition of aesculin, adenine, xanthine, L-tyrosine, hypoxanthine and casein, but negative for starch hydrolysis on ISP2. Whole-cell hydrolysates contain LL-diaminopimelic acid as the diamino acid, and xylose as the major sugar. The major menaquinones are MK-9(H 6 ) and MK-9(H 8 ). The main phospholipids are phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol, one unknown phospholipid, two unknown phosphatidylinositol mannosides and several unknown lipids. The fatty acid profile consists mainly of anteiso-C 15:0 , iso-C 16:0 and anteiso-C 17:0 .
The type strain, XY25 T (5KCTC 39571 T 5CCTCC AA2015019 T ), was isolated from the rhizosphere soil in an alfalfa field. The G+C content of the genome of the types strain is 71.8 mol%. 
